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Lecture 2 
Explore the Properties of Living Organisms 
Life 

● Cell based  
● Can reproduce (regardless of how) 
● Complex and organised (cell types, compartmentalisation) 
● Use energy for growth and reproduction (photosynthesis, respiration) 
● Tend towards homeostasis 
● Change over time (aging) 
● Adapt to environment (physiological, structural, and behavioural adaptation)  
● Respond to stimuli (plants leaning toward the sun, bacteria swimming toward sugar) 
● No single definition and difficult to classify (viruses) 

Classifying Living Things 
● Keeps changing 
● Until the 1960s, classification was based on appearance (phenotypes) 
● After that, DNA sequencing was invented, and common genes were discovered between 

organisms → used for classification 
● Found microbes that looked like bacteria, yet were genetically similar to eukaryotes, resulting in 

domains 

 
Appreciate the Common Origins and Makeup of the Molecules of Life 

● Genetic material is shared through generations and encodes the molecules of life 
● All species share common genes and cellular functionalities 
● Humans share 99.9% of their DNA, with most differences being in the immune system 
● All mammals share 85% of their DNA 
● Most living organisms have similar DNA because we carry out the same living processes (energy 

generation, etc.  
Molecules of Life  

1. Nucleic acids (DNA/RNA) 
2. Proteins 
3. Fats/Lipids 
4. Sugars/Carbohydrates/Saccharides 

Carbon 
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● Life depends on carbon, as carbon can make multiple bonds, form many allotropes, and is thus a 
versatile and good atom for life. 

● All major biopolymers have a substantially carbon backbone because carbon is good at bonding 
with itself and other elements 

● It has a “sweet spot” of stability, where it is stable enough, but easy enough to break apart - 
essential for living thing to change and react to change 

○ Carbon compounds are relatively inert or kinetically stable to hydrolysis and oxidation 
● When carbon reacts, an advantage is that carbon (and other organic reactions) are under kinetic 

control instead of thermodynamic 
○ Kinetic - how quickly the reaction can take place (we need it to be fast or else it won’t 

happen) 
○ Thermodynamic - how much energy the reaction has  
○ Makes them favourable but slow and good targets for enzymatic control 

Describe the General Features of Biopolymers 
Biopolymers 

● All linear biopolymers have a defined 
beginning and end/directionality (5’-3’)  

● Biopolymers are synthesized in one 
direction only increasing the backbone. 
They are made by the polymerisation of 
monomers, and the common part of the 
monomer becomes the backbone, while 
the part that hangs out is what 
differentiates them (bases in DNA, side 
chains in protein) 

● Biopolymer synthesis relies on 
dehydration reactions and are anabolic 
(requires energy input), because this 
takes place in aqueous systems, and 
more energy in aqueous systems are 
unfavourable, so an input of energy is 
needed to drive the reaction forward 

Summarise the Central Dogma of Molecular 
Biology 
Genome Expression and Cell Type 

● All your cells have the same DNA 
● However, each cell uses a subset of expressed genes to achieve its structure and function, 

allowing specialisation 
● I.e. the genome is the complete genetic information, and subsets of each genome are used by 

different cells at any one time for specific functions.  
Prokaryotic Genome 

● Most bacteria and archaea have circular genomes/chromosomes  
● They have plasmid DNA - additional DNA that’s useful for transferring information 
● Archaea and bacteria were only known to be separate when gene sequencing began 

Eukaryotic Genome 
● Bigger 
● Linear chromosomes 
● Condensed into chromatin 



3 

● Wrapped around histone proteins  
The Human Genome 

● 6 billion base pairs, divided into 23 pairs of chromosomes (including sex chromosomes) 
● Encodes 20,000 proteins 
● Often only one pair of copies of each gene (one on each chromosome pair - alleles) 
● Other genomes can be much smaller or much bigger 

○ Big - Marbled Lungfish (130 billion base pairs, 2x28 chromosomes) 
○ Small = Escherichia coli (5 million base pairs, 5,000 protein coding regions) 

Central Dogma of Molecular Biology 
● The flow of genetic information within a biological system (DNA>RNA>Protein) 
● DNA (genome) in all cells → makes RNA from DNA template (information transfer) → makes 

proteins ) 
● DNA can also self-replicate, transferring information to new copies of DNA 

Key Components  
● Genome (DNA) 
● Transcriptome (RNA): the set of all RNA molecules in one cell or a population of cells. 

○ Make mRNA to make proteins, but also makes rRNA and tRNA, as well as other forms of 
RNA to regulate gene expression  

● Proteome (protein)  
○ Makes a protein chain, folds it, and customises the protein for various functions  

DNA can be made from RNA in viruses via Reverse Transcription. However, DNA cannot directly be made 
into protein or vice versa, nor protein to RNA.  
 


