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VSC113  
Learning Objective: 
• Describe the major differences in structure of single and multiple celled organisms 

including microbes, plant and animal cells 
  
Life and its Classifications 
The 4 Requirements of Life: 
• Metabolism: 

o Use 'food' to maintain their existence and as maintenance/repair 
o Includes homeostasis (maintenance of a stable internal environment) 

• Reaction to stimuli: 
o Movement 
o Respond to environment (eg. Plants) 

• Growth 
• Reproduction 

Exceptions: 
• Extremophiles (extreme thermal and pH conditions) 
• Viruses: crystallise, don’t move, and reproduce via other life forms) 
• Crystals: self-organise, grow, maintain and repair 
• Prions: force conformation changes in proteins so the cell has to make new protein, which 

then also changes 
  
Criteria for Life: 
• Made of complex chemicals that consist of H, C, N, O, P, S 
• Associated with other elements Fe, Cu, Mg, Ca, Zn, K, Cl (as ions) 
• Must have a container/has definition 
• Has DNA (or RNA and a reverse transcriptase) for information storage 
• Have ATP as a basis for energy 
• Use similar pathways for the handling of energy and manufacture of these substances 

  
Classification of Life: 
• Kingdom 
• Phylum 
• Class 
• Order 
• Family 
• Genus 
• Species 
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Important Divisions: 
• Domain Prokaryota 

o First cells: simple bacteria have no nuclei or cellular organelles 
• Domain Eukaryota 

o 'good proper cells' 
• Have nuclei, mitochondria or chloroplasts 
• Membrane bound and are theorised to come from endosymbiosis-

mitochondria and chloroplasts were once organisms of their own-
cyanobacteria 

• Have a cytoskeleton and use it for transport 
o Includes animals, plants, fungi, and many others 

  
Classifications to Know: 
• Prokaryotes and Eukaryotes 
• Bacteria, Protozoa, Plants, Fungi and Animals 
• Porifera (sponges), Ctenophora (comb jellies), Cnidaria (jellyfish) 
• Bilateria: Platyhelminthes (flat worms), Nematoda (roundworms), Annelida 

(earthworms), Mollusca (octopods, squid, shellfish, snails), Arthropoda (Arachnids, 
crustaceans, insects, millipedes, centipedes), Echinodermata (sea slugs), Chordata 

• Tunicata, Myxini (hag fish), vertebrata 
• Agnatha (Lampreys), Chondrichthyes (sharks, rays), osteichthyes (bony fish), Amphibia 

(frogs), Repilia (lizards), Aves (birds), mammals 
  
Features of Life 
Bacteria (Prokaryotes) 
• Sometimes broken into bacteria and archaea 
• A cell wall surrounds the plasma membrane (except in Mycoplasma and Thermoplasma) 
• There are no membrane-bound cellular organelles 
• The nuclear material is in the cytoplasm 

o A single molecule of DNA 
o They can share sequences 
o They can carry plasmids 

• Have a cytoskeleton like eukaryotes 
• Most enclosures are not membranous but protein or polysaccharide 

o Called micro-compartments 
o They have ribosomes of a completely different structure 

• Most bacteria operate as single celled organisms 
Colonies 
• A group of single organisms living together without diversification of function  

o Examples: 
• Cyanobacteria (prokaryotes) form long strand colonies 
• Volvox species (green alga) form colonies, but there are 2 types of cell: 

flagellate somatic cells and sexually reproductive cells, they have eye spots and 
swim towards light but aren't true colonies 

• A multicellular organism is one that has more than one cell with a division of labour 
(different cells do different things) 
o Examples: 

• Sponges are the most basic forms of these organisms 
Eukaryotes 
• Have intracellular organelles 

o Ingestion theory- endosymbiosis 
• Not all have cell walls around the plasma membrane (animal cells don't) 
• All have nuclear envelopes giving them a distinct nucleus 
• All multi-celled life is from this group 
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Archaeplastida: Plantae 
• Cell walls made of cellulose, hemicellulose and pectin 
• A large central vacuole (tonoplast) which provides turgor 
• Plasmodesmata link cells for communication and transport of water and nutrients 
• Plastids, most importantly chloroplasts, which photosynthesise glucose for subsequent 

use or storage: chlorophyll makes them appear green 
• Plants generally lack flagella except in sperm cells of bryophytes and seedless vascular 

plants 
Fungi 
• Cell wall made of chitin 
• Intra-cellular definition is less obvious: septa between cells have large enough holes to 

allow passage of organelles and even nuclei 
• Some fungi have no septa, so the mass is a 'multi-nucleate supercell' called coenocytic 
• Only the most primitive fungi have flagella 
• Otherwise similar to animal cells 

Animals 
• No cell wall and can take on any shape 
• No chloroplasts and only small vacuoles 
• Multi-celled animals have in some cases many different types of cells 

 

Science, Measurement, Molecules and Biochemistry 
Science in general: 

• Science is the philosophical basis of finding truth 
• There are several principles: 

o We can never know the truth for certain 
o We can never prove anything, because there might be something beyond our 

understanding that makes our argument invalid 
o We can make suggestions as to what we think might be so, and put them  to the 

test, called a hypothesis 
o If we test our hypothesis and it fails, then we have disproved the hypothesis 
o If we fail to disprove it, it can be called a theory: it continues to be subjected to 

testing forever, the longer it stands without failure, the more likely it is to be 
close to truth 

 
Measurement 

• Ongoing monitoring is essential in any high-impact health state 
o The worse the health state, the more frequent the monitoring 
o Critical care and anaesthesia both require constant monitoring 

 
Atoms and Molecules 

• As we divide homogenous materials into smaller and smaller divisions, we come to a 
point where they no longer behave the same way 

• In chemical terms, with purely homogenous mixtures, the smallest division that behaves 
the same way is what we call a molecule, or an atom in some cases 

• Molecules can be broken down into atoms, each of which exhibits entirely different 
chemical behaviour 

Atoms 
• Have a diameter of approximately 1*10-10 m 
• Composed of a nucleus which contains neutrons and protons 
• Occur with electrons that exist in the space around them 
• Electrons don’t move, they disappear and reappear elsewhere (called tunnelling) 
• Can be joined together in various ways to form molecules. For these to be stable, it must 

constitute a lower energy resting state 
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• Because they have a defined mass, we take this to mean that they are made of defined 
particles (which combine in predictable ways to produce predictable masses) 

•  
Mass of Atoms and Molecules 

• Avogadro’s number (6.02 * 1023) 
• Avogadro’s number is the number of atoms of molecules in one mole of that substance 

Particle Movement 
• Atoms and molecules occupy space and have mass so they can be called matter 
• They are free to move around unless: 

o They are compressed very closely together 
o They are bound to each other by attractive forces 

• If insufficiently bound by attractive forces, they will occur as a gas (occurs when heat 
energy is enough to break attractive forces) 

• As they move, they may collide 
o They then bounce off each other with perfect elasticity 
o There are so many collisions at once that this movement is unfeasible to 

calculate and is therefore considered random 
Temperature 

• Is a measure of average particle kinetic energy 
• Temperature is proportional to the energy with which a particle will collide with any 

other particle or object 
• It’s also proportional to the force a particle will impart when it collides  
• Absolute zero means there is no latent heat and there will be no particle kinetic energy. 

The particles do not move and therefore they cannot proceed along a gradient or diffuse 
• Measuring temperature 

o Absolute zero is zero degrees Kelvin 
o The temperature scale of Celsius used the triple point of water (where it can 

exist in all 3 states) as a standard definition, and its boiling point in a standard 
atmosphere 

o Water freezes at 0.01 degrees Celsius (273.16 degrees Kelvin), boils at 100 
degrees Celsius (373.16 degrees Kelvin) at 101 325 Pa pressure. Body 
temperature of humans is 37 degrees Celsius or 310 degrees Kelvin 

 
Particles in a Closed Container  

• In a gas, all particles occupy similar volume because their movement is defined by latent 
heat (temperature) 

• When particles collide with a wall, they exert force on that wall 
• Many particles colliding with a wall randomly over time gives an even force over the 

entire surface, which can be defined as pressure (P) 
• If the number of particles in the container (n) are doubled, then wall collisions will occur 

twice as often so the pressure is doubled (n is proportional to P) 
• Doubling the absolute temperature (T), doubles the energy per collision, doubling the 

pressure generated by the same number of collisions (T is proportional to P) 
• Compressing the container to half its original volume (V) will cause the same number of 

particles to reach the walls on average twice as soon so collisions will double in number 
and so will pressure (V is inversely proportional to P) 

 
The Universal Gas Law 

• PV=nRT 
• Where R=the universal gas constant (varies with units chosen, 8.3144598 when using 

base SI units) 
• 1 mole of any gas at STP occupies 22.414 litres 
• STP (standard temperature and pressure) 
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o Standard temperature=273.15 degrees Kelvin 
o Standard pressure=1 atmosphere=101.325 kPa 

 
Diffusion and Randomness 

• All things seek random distribution, which is not the same as even distribution 
• Particle diffusion rate is inversely proportional to the square root of its weight 

Randomness and Chance 
• Randomness is never homogeneous 
• Randomness is described in terms of chance 
• Sampling is usually done to learn about the system (a system in scientific terms is a 

thing or group of things that interact with each other but have no interaction with 
outside 

Chance 
• Can refer to the chance of one particle doing something or also to the chance of finding 

any particle in that one spot 

 
Biochemistry 

• Chemical nature of water is absolutely required for all life on earth to exist 
 
Gibbs Free Energy (G) 

• Everything in the world by nature wants to achieve its lowest energy state 
• 2 ways of doing this: 

o Release all intrinsic energy as heat 
o Reduce order to randomness 

• Free energy is the sum of these two energies in a system that elevate it from its ground 
state to a state in which it can do work 

• Energy capable of doing work in a system at constant temperature and pressure 
• If free energy is released, delta G is negative and the reaction is exergonic 
• The opposite is endergonic 
• Delta G=delta H – T*delta S 

 
Enthalpy (H) 

• The intrinsic heat in chemical reactions 
• If a reaction releases heat, delta H is negative (the chemicals have lost heat) and the 

reaction is said to be exothermic 
• If the reaction has gained heat energy the reaction is endothermic and delta H is positive 

 
Entropy (S) 

• The intrinsic randomness or disorder in a reactant system 
• If reactants gain disorder, delta S is positive and the reaction gains entropy 
• If reactants become more ordered, the reaction loses entropy and delta S is negative 

 
Solutions 

• Hydration is when lower atomic number ions dissolve in water by aligning with 4 
molecules of water (except transition elements, usually 6) 

Salt Solutions 
• We call water the solvent and salt the solute 
• It is thermodynamically favourable to exist in solution (-delta G) 
• At the crystal surface, the concentration of ions is high and this reduces the water 

concentration available for dissolution 
• As the crystal dissolves, the hydrated ions diffuse away into the water, reducing the ion 

concentration and allowing more dissolution 
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Thermodynamics in Solution 
• Depending on the intrinsic random kinetic energy (temperature) of a solution, these 

‘hydration clouds’ can extend with new layers of water stacking around the old (colder 
water favours super-hydration, favouring dissolution) 

• In higher temperatures with increased kinetic energy 
o Increased likelihood of breaking ionic attraction, favouring dissolution 
o Entropy contribution to Gibbs free energy increases, favouring dissolution 
o The net result is that some chemicals dissolve more in cool water, but the vast 

majority dissolve better in hot water 
Sugar Solutions 

• Sugars are a single molecule of carbon backbone with hydrogen and hydroxide groups 
attached, such that the total amount of hydrogen and oxygen are in the same proportion 
as water 

• The OH groups are electronegative and have the same effect (not quite as strong) as the 
ions of sodium and chloride 

• These substances are not as easy to dissolve as salts 
 
Acids and Bases 

• BrØnsted-Lowry definition of an acid: a substance that ionises in water to release 
hydrogen ions, or 

o A substance that accepts hydroxide ions in water 
o A substance that donates protons 
o A substance that accepts electrons 

• BrØnsted-Lowry definition of a base: a substance that ionises in water to release 
hydroxide ions, or 

o A substance that accepts hydrogen ions in water 
o A substance that donates electrons 
o A substance that accepts protons 

• A dissolved strong acid or base ionises completely in water 
 

Strong and Weak Ions 
• Some ions are more likely to dissolve in water than other. All the alkali metals and 

halides will always ionise and break away in water and so they are called the strong ions 
• Most ionisable elements only dissociate to an extent so are called weak ions 
• Hydrogen ions and hydroxide ions both are the weakest ions 
• The strength of ions is driven by thermodynamics (largely attractions to water) 

 
Enthalpy in Biochemical Reactions 

• Enthalpy (intrinsic energy that can be converted to heat) can do work 
• Cells burn sugar, fat and protein for energy, but in a controlled way, linking the energy 

loss to something else they want done 
o They do this using enzymes (proteins with a specific function) 
o They link an exothermic reaction with an endothermic reaction so the total 

reaction is slightly exothermic and will therefore proceed 
• Entropic energy can be stored as a gradient, which can be converted to randomness  

 
Entropy in Cell Gradients 

• Most cells have open potassium channels, so some potassium ions that are pumped in 
diffuse back out 

• This outward movement of positive ions increases the negative charge inside the cell 
• When the membrane potential (Vm) is strong enough, its attractive force prevents 

further potassium ion diffusion along the concentration gradient 
• The voltage so maintained is called the Nernst potential for K+ 
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o This is generated by increasing randomness, so it’s temperature dependant 
o Simplified formula: emf (in mV)=61*log([K+inside]/[K+outside]) 
o Actual formula: Eeq=(RT/zF)*In([out]/[in]) 

▪ Where z is the ionic charge, F is the Faraday constant of 96485coulombs 
per mol, R is the Universal gas constant and T is the absolute 
temperature (in Kelvin: Celsius +273.15), square brackets indicate 
concentrations, in this case of ions inside and outside of the cell as noted 

• This works because the cell is not as permeable to any other ion, including Cl-, otherwise 
Cl- would leak out too and there’d be no electrogenic effect  

 
Cell Gradients as Drivers 

• The protein found in many cells (except in heart muscle) called ‘sodium calcium 
exchange protein’ (NCX), links the moving of calcium outside the cell with the moving of 
sodium inside the cell 

• Calcium moving inside muscle cells makes them contract, so after contraction it must be 
removed. This is done in 2 ways: 

o Plasma membrane calcium-ATPase (PMCA) pumps calcium out, breaking down 
one ATP molecule in the process 

o NCX swaps each calcium ion for 3 sodium ions, the electrical and sodium 
gradients are both in favour of calcium removal 

• While there is little calcium outside, we need to remove as much as possible, NCX is 
much faster than the enzymatic method 

 
Driving Reactions 

• We use energy to make a gradient then make the gradient do work: 
o Pumping things across membranes (in either direction) 

▪ Proteins that pump in the opposite direction to the drive gradient are 
called antiporters 

▪ Proteins that pump in the same direction as the driver gradient are 
called symporters 

o Gradient drivers are very rapid because we have an electrical and gradient 
potential that are stored and readily accessible 

• ATP can be used directly to pump something in or out 
o ATP-binding cassette proteins (ABCs) are extremely important for pumping and 

excretion 
• ATP can also be hydrolysed to do work 

 
Reactions in Equilibrium 

• H2O   H+ + OH- G=-x (exothermic) 
• Adding anything to one side will drive the reaction away from the side of the increased 

participant 
 
Activation Energy 

• Any reaction takes a small amount of energy to destabilise the current reactants to a 
form where they make products 

• Catalysts reduce the activation energy of a reaction  
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