
Week 1 – Life & It’s Biological Molecules: 

Properties of living things: 

• Highly ordered 

• Regulate their body (seek to maintain homeostasis) 

• Undergo reproduction 

• Respond to the environment 

• Grow & develop 

• Process energy 

• Adapt & evolve 

• Store & transmit information in the form of DNA 
 

➢ Element: a substance that cannot be broken down further. 
➢ Compound: a substance that consists of 2 or more elements in a fixed ratio. 
➢ Most living matter consists of carbon, oxygen, nitrogen & hydrogen 
➢ Ionic bonds involve the swapping of electrons between atoms (e.g. Na+ & Cl- swap 

electrons to become NaCl) 
➢ Covalent bonds involve atoms sharing pairs of electrons. The strongest type of bonding. 

❖ Note: ionic, covalent & metallic bonding are all intramolecular bonding. 
Hydrogen bonds are intermolecular (between molecules) bonds. 

❖ Note: hydrogen bonds are weaker than covalent & ionic bonds. 
➢ Cohesion: the force of attraction between molecules of the same substance (e.g. water 

droplets being attracted to one another). Cohesion occurs as a result of hydrogen 
bonding between water molecules. 

➢ Adhesion: the force of attraction between different substances (e.g. attraction between 
glass & water). Occurs due to H bonding between water molecules & another type of 
molecule. 

➢ Surface tension: the attractive force exerted upon the surface molecules of a liquid by 
the molecules beneath them. Surface tension tends to draw the surface molecules into 
the bulk of the liquid and makes the liquid assume the shape having the least surface 
area. Surface tension occurs as a result of hydrogen bonding between water molecules. 
Surface tension allows insects to walk on water’s surface. 

Atoms: 

➢ Nucleus – consisting of protons & neutrons. 
➢ Electrons – in electron clouds/orbitals around the nucleus. Each orbital can contain 

optimal electrons (a complete orbital). Atoms are most stable when their orbital is 
complete. Atoms will swap electrons to fill orbitals. The 1st orbital contains 2 
electrons, the 2nd 8 electrons & the 3rd 8 electrons. Atoms with an incomplete 
valence (outer shell) are reactive & can form bonds. 

➢ An ion forms when an atom or molecule loses or gains an electron and becomes 
charged (e.g. Na+ is a Na atom that has lost an electron). 

➢ An ionic bond is the attraction between two oppositely charged ions (e.g. NaCl, KCl, 
CaCl2). 

➢ A covalent bond involves the sharing of a pair of valence (outer shell) electrons. 
➢ Carbon can form 4 covalent bonds, Hydrogen 1, Nitrogen 3 & Oxygen 2 



Water: 

➢ Solvent is the liquid that ‘stuff’ is dissolved in 
➢ Solute is the ‘stuff’ inside the liquid 
➢ Water is made up of covalent bonds between H (2) & O 
➢ Water is a polar (non-evenly distributed charges) molecule, with the O being more 

electronegative (having more pulling power) than the H’s. 
➢ The polarity of water (non-evenly distributed charges) results in hydrogen bonding – 

the attraction between H (slight positive charge) and an electronegative atom 
(usually O or N) 

➢ Because of H bonding, water is more structured than other liquids 
 

❖ Properties of water: 

• Cohesion – H bonds allow water to be pulled up inner water pipes from roots to 
leaves, and is responsible for surface tension. 

• Moderation of temperature – requires large temperatures to heat up 

• Expands upon freezing 

• Is versatile as a solvent – can dissolve all sorts of things 

• Water can dissociate – to form H+ ions & hydroxyl (OH-) anions 
 

pH: 

• Has the ability to alter the charge and hence the shape of biological molecules. This 
is important as the shape of a biological molecule allows it to function. 

• When [H+] > [OH-] = acidic (pH less than 7) 

• When [H+] = [OH-] = pH neutral (7) 

• When [OH-] > [H+] = basic (pH above 7) 
 

Carbon: 

➢ With 4 valence electrons, carbon is the most versatile building block for molecules 
➢ Carbon can form 4 covalent bonds (stronger than ionic bonds) 

 

Biological Macromolecules: 

➢ There are 4 classes of macromolecules – proteins, carbohydrates, lipids & nucleic 
acids 

➢ All macromolecules (except lipids) form polymers by covalently linking together 
monomers. 

➢ Polymerization (formation of polymers) is a dehydration reaction.  
➢ Polymers are broken down via hydrolysis (water producing) reactions. 

 

o Carbohydrates: 
➢ CHO monomers are referred to as monosaccharides (e.g. glucose, fructose, 

galactose, ribose). Monosaccharides tend to form ring structures. 



➢ Two monosaccharides joined together (via covalent bonds) are known as 
disaccharides (e.g. lactose, sucrose, maltose). Lactose = glucose + galactose. Sucrose 
= glucose + fructose. 

➢ CHO polymers are referred to as polysaccharides (e.g. starch, glycogen). 
Polysaccharides consist of many glucose units joined together via dehydration 
reactions. 

➢ For each carbon, there are 2 hydrogens & 1 oxygen (C(H2O)). 
➢ Glycogen is a branched polysaccharide. Cellulose & amylose are linear 

polysaccharides. 
 

o Lipids: 
➢ Lipids are a major component of cell membranes. 
➢ Are also used as a form of energy storage. 
➢ Fatty acids only have 2 oxygens per molecule (with long chains of H & C). 
 

 
 

 
 
 
 

➢ Triacyl glycerol (aka triglycerides – the storage form of fat) consists of 3 fatty acids 
joined to a glycerol. 

➢ Fats are hydrophobic (due to their non-polar structure). Molecules with lots of H’s & 
C’s (and very little O’s) tend to be non-polar and therefore hydrophobic. 

➢ Phospholipids have a hydrophilic head (containing phosphate) & 2 hydrophobic 
(fatty acid) tails. 

➢ Having a hydrophilic head & hydrophobic tails is known as amphipathic. 
➢ Phospholipids self-assemble in water, with their hydrophilic heads closest to the 

water and their hydrophobic tails furthest from the water. This allows phospholipids 
to act as the major component of cellular membranes. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



o Proteins: 
➢ Proteins are the most abundant molecules in cells after water 
➢ A polypeptide is a polymer of amino acids (many amino acids joined together) 
➢ A protein is one or more polypeptides folded & coiled into a specific arrangement 
➢ Amino acids are made up of carbon, hydrogen, oxygen & nitrogen 

 

 

 

 

 

 

 

 

 

 

➢ Functions of proteins include cell structure & support (tubulin), storage (ovalbumin), 
transport (haemoglobin), hormonal (insulin), receptors, contraction & motility (actin 
& myosin), defence (immunoglobins) & enzymatic degradation. 

➢ There are 4 levels to protein structure: 

• Primary structure – the linear chain of amino acids 

• Secondary structure – regions stabilized by hydrogen bonds between atoms 
on the polypeptide backbone. There are 2 types of secondary structure – 
alpha helices (singular helix) & beta sheets (strands joined together via H 
bonds). 

• Tertiary structure – the 3D shape stabilized by interactions between the side 
(R) groups. These interactions depend on the type of R group present, and 
can be ionic bonds, hydrogen bonds, covalent bonds, van der Waals 
interactions or sulphur bridges. 

• Quaternary structure –two or more polypeptides combining in a multi-
protein subunit (only occurs in certain proteins). For example, haemoglobin, 
which consists of two α subunits & 2 β subunits. 

 

o Nucleic acids: 
➢ Nucleic acids are informational polymers. DNA provides the instructions to make 

proteins. 
➢ There is a one-way flow of information: from DNA to RNA to protein. 
➢ Nucleic acids are polymers of nucleotides (i.e. many nucleotides joined together) 
➢ Nucleic acids are made up of carbon, hydrogen, oxygen, nitrogen & phosphorus 
➢ Nucleic acids are made up of nitrogenous bases purine or pyrimidine. Purine consists 

of 2 rings (adenine, guanine), whilst pyrimidine consists of 1 ring (uracil, thymine, 
cytosine). 

➢ RNA is ribose nucleic acid. DNA is deoxyribonucleic acid. DNA is missing one oxygen 
atom compared to RNA. This missing oxygen atom makes DNA highly stable 
(whereas RNA is unstable). 

➢ As such, RNA has a ribose sugar chain. DNA has a deoxyribose sugar chain. 
➢ RNA also has one base different to DNA (uracil instead of thymine). 
➢ The 4 nitrogen bases of DNA are adenine, thymine, cytosine & guanine. 

 



➢ The 4 nitrogen bases of RNA are adenine, cytosine, guanine & uracil. 
➢ RNA is usually single stranded whereas DNA is usually double stranded. 
➢ Nitrogenous base pairs are held together via hydrogen bonds 
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