
Functional groups 
Groups of atoms that give molecules which have similar properties 
➔ Alkane 
➔ Alkenes 
➔ Alcohol  
➔ Carboxylic acid 
➔ Amines 
➔ Ketones 
➔ Esters 

 
Amino acids 
➔ Made of carbon, oxygen, nitrogen, hydrogen, sulfur 
➔ Atoms form an amino group and carboxyl group which are both connected to the 

alpha carbon and the side chain which determines the properties and varies between 
amino acids 

➔ Properties: hydrophobic, hydrophilic, charged amino acids (interact with other 
charged amino acid side chains) 

 
Primary structure 
➔ Linear sequence of amino acids as encoded by DNA, amino acids in a protein are 

joined by peptide bonds linking amino group of one amino acid to the carboxyl group 
of another, releasing H2O 

Secondary structure 
➔ Alpha helices: Right handed coil stabilised by hydrogen bonds between amino group 

and carboxyl group between adjacent amino acids 
➔ Beta sheets: 2 x antiparallel sheets stabilized by hydrogen bonds between amino 

acid group and carboxyl group of opposite sheets  
● Seen in alzheimers and parkinsons patients  

Tertiary structure 
➔ Three dimensional shape of the protein chain, determined by the characteristics of 

the side chains of the amino acids. Often hydrophobic inner and hydrophilic outer 
Quaternary structure 
➔ Two or more polypeptide chains come together to form one functional molecule with 

several subunits 
 
 
History of biochemistry 
 
Foundations of the universe 
➔ 14,000,000,000 years ago it is believed the big bang occurred, forming the primordial 

universe 
➔ The first gases were hydrogen and helium forming the first generation stars 
➔ After 7 billion years, their high pressure and heat environment resulted in the 

condensation and fusion of hydrogen and helium together to form heavier elements 
including carbon, nitrogen and oxygen 



➔ Large unstable stars became unstable and explode as supernovae, dispersing all the 
elements throughout the universe, now, these elements are present in all biological 
lifeforms 

➔ Further billions of years later, second generation stars formed solar systems with 
planetary systems incorporating the heavier elements 

➔ The universe is homogeneous, all with the same foundational elements, essential for 
the beginnings of life which reflects a common evolutionary ancestor of all biological 
life on earth 

 
Molecular composition of life 
➔ We are comprised of four main elements, carbon, hydrogen, oxygen and nitrogen 
➔ We are 70% water 
➔ Carbon in particular is central in molecule 

formation as it has an electronic structure forming 
up to 4 covalent bonds. Can also form single, 
double and triple bonds with different electronic 
structure and geometries which provides 
versatility, scaffolding and diversity in chemical 
compounds 

 
 

 Role Elements 

Tier 1 Have the ability to form 
strong covalent bonds with 
elements to make 
molecules, most abundant 

Carbon, Nitrogen, hydrogen, 
oxygen 

Tier 2 Essential components of 
biological molecules that 
form covalent bonds and 
ionic elements which 
maintain fluid and electrolyte 
balance and induction of 
membrane potential  

➔ Phosphorous, 
sulphur 

 
➔ Chloride, sodium, 

magnesium, 
potassium, calcium 

Tier 3 and 4 Found in trace elements but 
play critical roles e.g. 
transition metals are found 
and structural and catalytic 
elements in many proteins 
and in enzymatic catalysis 

 

 
 
 
 
 



Seeding life on earth 
➔ Life on earth is dependent on water, the cooling of the primordial earth and 

condensation of water provided an aqueous environment within which molecules 
could begin to form 

➔ A lack of gaseous oxygen and reducing atmosphere supported bond formation while 
electrical discharges/high energy environments were provided by lightning and 
volcanic events to give rise to organic molecules of life 

➔ Primordial soup: 1953 Miller and Urey, water vapour and simple gaseous molecules 
(e.g. ch4, nh3 and h2) combined and a spark given by an electrode which formed 
complex molecules and over 20 amino acids required for life  

 
Modular design of life - Macromolecules 
➔ Biomolecules: DNA, carbohydrates and proteins (summation of organic monomers) 
➔ Non-biopolymer: Lipids  
➔ Biopolymers’ are formed via nucleophilic attack coupled with the elimination of water 

(polymerization through condensation) while lipids are not produced through a 
condensation reaction 

 
 
 
 
 
 
 
 
 
Weak interactions of biology 
➔ Non covalent interactions that can be broken and reformed easily due to the low 

bond energy 
➔ DNA, proteins and carbohydrates 3D structure is held together by weak (non 

bonding) interactions. 
 
Electronegativity 
➔ Measure of the tendency of an atom to attract a shared pair of electrons/gain electron 

density 
➔ Difference in electronegativity between two atoms gives a polarized bond 
➔ A dipole moment represents the polarity along a bond of electric charge and direction 
➔ Dipole moment is drawn as an arrow from the high electron density atom to the low 

electron density atom 
➔ Multiple dipole moments can be summed vectorially to give the net dipole moment of 

a molecule 
 
Types of interactions 
Interactions where the strength/energy of the interaction depends on the distance between 
the atoms (r) 
 



➔ Charge charge: Strong long range attraction = 1/r 
● Full positive and full negative charges are attracted 

➔ Charge-dipole interactions: 1/r^2 
● Charged molecule interacts with a polar molecule that has a dipole moment 
● Attraction between a full charge and a partial opposite charge on the polar 

molecule 
➔ Dipole dipole interaction: 1/r^3 

● Two polar molecules orient themselves so their opposite dipole moments 
interact 

➔ Charge induced dipole interactions: 1/r^4 
● When a fully charged group interacts with a non-polar group thus causing an 

induced dipole moment 
➔ Dipole induced dipole interaction: 1/r^5 

● When a polar molecule with a permanent dipole interacts with a non-polar 
molecule and induces a dipole.  

➔ Van der Waals: 1/r^6 
● When two non-polar molecules interact  
● Due to the fluctuation in distribution of electrons causing induced dipoles 
● Electron clouds give rise to mutually attractive dipoles 
● Very weak but with great numbers (e.g. DNA) produces a very large 

stabilizing force 
 
Hydrogen bonding 
➔ Slightly positive hydrogen bonded to an electronegative atom 

interacts with another electronegative atom with a partial 
negative charge. 

➔ Has a smaller bond distance than we would expect of the sum of 
the atom vdW radii 

 
Chemistry in an aqueous environment 
 
Unique universal water 
➔ Hydrogen bonding ability and polar nature  
➔ Two hydrogen atoms and two lone pairs of electrons gives it an ability to form four 

hydrogen bonds with other molecules (mainly other water molecules) 
➔ Thus it has an unusually high boiling point as well as a high heat of vaporization 

resulting in heat being removed from our body when sweat evaporates and we cool 
➔ Predominantly in the water state (meanwhile other similar sized molecules are 

gaseous) 
➔ High heat capacity resulting in a nearly constant temperature in large bodies of water 

(temperature buffer) and difficult to freeze so requires a lot of energy 
 
When ice forms the oxygen bonds to 4 hydrogens making a cage structure and thus 
expanding, it is therefore less dense than water and sits above it 
➔ The density of ice and the boiling point of water mean that most water on earth is in 

the liquid form  



 
Interactions 
➔ Hydrophilic: Charged, polar molecules - dissolve readily as they can form 

hydrogen bonds to water molecules 
● Ionic compounds dissociate from their pair (e.g. NaCl) and become 

hydrated by “shells” of water where the negatively charged ions 
interact with the 𝛿+ hydrogens and the positively charged ions 
interact with the 𝛿- oxygen 
 

➔ Hydrophobic: Uncharged, non-polar molecules - show limited solubility in water as 
they cannot form hydrogen bonds 

● Watercages/clathrate structures form around the hydrophobic 
molecule  

 
➔ Amphipathic molecules have both hydrophilic and hydrophobic properties 

● Fatty acids, detergents, phosphlipids etc 
● Produce monolayers, micelles, bilayers and vesicles  
● Sits between hydrophilic and hydrophobic layers in the cell 

 
Hair 
➔ Comprised of keratin  - a long alpha helix with a globular head 
➔ The alpha helices coil and form filaments which are held together by hydrogen 

bonds, vanderwaals, charge-charge interactions and disulphide bonds 
➔ When you wet hair, water breaks hydrogen bonds and other weak bonds and the 

alpha-keratin filaments can slide back and forth and set in place when dry.  
➔ Hydrophobic residues sit inside the alpha helices in the hair, if disrupted cause a 

“bad hair day” 
➔ The more disulphide bonds hair has between cysteines, the curlier hair is 

 
Partial dissociation of weak acids 
➔ Ionizable or acid/base functional groups (e.g. CAs, Amines, DNA phosphate group) 

when dissolved in water partially dissociate to produce charged groups and protons 
➔ This is an equilibrium reaction with a dissociation constant called Ka, the larger the 

Ka, the more it dissociates 
➔ Ka = concentration of products/concentration of reactants 
➔ Meanwhile pKa=-log(Ka) represents the propensity of a functional group to dissociate 

at a specific pH 
 
pH<pKa, acid form predominates 
pKa<pH, base form predominates 
pH = pKa, equal probability of the side chain being protonated or deprotonated so often half 
half 
 
pH and buffers of the human body 
➔ Varies between pH of 2-8 and tightly controlled by buffering systems which resists 

changes in pH when an acid or base is added 



➔ Blood = 7.35 - 7.45 which is maintained by the: 
● Renal system: Acts in hours/days 
● Respiratory system: Acts in seconds/minutes 
● Chemical buffering system: Instantaneous action 

➔ Three different buffers are bicarbonate (dominant), phosphate and protein 
➔ When CO2 dissolves, carbonic acid is produced upon catalyst action of carbonic 

anhydrase , this is neutralized and produces bicarbonate and h3O+ 
 
 
 
 
 
 
 

➔ The pH of the blood at the lungs tends towards a higher pH while the tissues are a 
lower pH, this is to allow for the association of O2 molecules in the heme molecule of 
haemoglobin in the lungs and then when it reaches tissues it dissociates and takes 
up CO2 molecules  

➔ Urine pH varies from 4.5 - 8 depending on what you have been eating and drinking 
 
Protein folding, misfolding and disease 
 
Amyloid diseases - Alzheimer's, Parkinson’s and Spongiform Encephalopathy (prion 
diseases) 
 
Prion proteins  
➔ Normal prion version (Prp-sen) is 2x alpha helices while 

disease causing infectious prions (Prp- res) are 4 x 
antiparallel beta sheets 

➔ When Prp-res interacts with Prp-sen a chain reaction occurs 
and they unfold and refold into the disease form beta-sheet 
structure 

➔ Infectious yet cannot replicate, as they are not alive. They are 
virtually indestructible 

➔ Prp-res assembles into amyloid fibres which are very stable and toxic to cells, these 
kill neurons in the brain and astrocytes come to digest dead neurons leaving holes in 
the brain 

➔ When changes to disease form protein it moves from intramolecular interactions into 
intermolecular interactions 
 

 
 
 
 
 



Native protein shifts to high energy unfolded form -> Refolds to a misfolded beta sheet 
structure -> oligomers form which are multiple misfolded proteins joining through interactions 
-> Moves to either: 

● Amorphous aggregates: 2 stranded beta sheet formed by H bonds 
● Protofibril -> Fibril: Extended beta sheet structure with multiple H bonds that forms 

amyloid fibres -> stick together and deposit in the brain 
 
➔ Formation of Prion proteins occurs due to: 

● Eating tissue infected with Prp-res 
● Having an inherent mutation in the gene that codes for PrP-sen 
● Spontaneously occurs 

 
Some people have a genetic mutation against prion diseases! 
 
Characteristics of spongiform diseases: 

● Clumps of amyloid fibers 
● Holes in the brain 
● Large numbers of astrocytes 

 
Kuru disease - Papua New Guinea 
➔ Kuru disease occurring in women and children where they couldn’t walk and lost the 

ability to swallow or chew, they would then lose weight and die 
➔ Prions can incubate for years and was caused by eating relatives brains when they 

died 
 

Gibbs free energy and spontaneous protein folding 

 
Enthalpy: Thermodynamic quantity equivalent to the total heat content of a system 
Entropy: The level of disorder of a system 
 
A folded protein is in a lower energy state to an unfolded protein, it therefore happens 
spontaneously as Gibbs free energy is thus negative 
➔ Metamorphic proteins have a very low energy barrier therefore can interconvert and 

are said to be in equilibrium 
 
Cost of folding:  
➔ Folding up a protein from a random coil into a unique three-dimensional structure 

costs energy known as conformational entropy 
➔ This cost increases energy of the system 

 
Gain of folding 

1. Formation of intramolecular non-covalent interactions (charge-charge, H bonding, 
vdW interactions), these add up to a large energy stabilization overall 

➔ This gain lowers the energy of the system (negative ΔH - enthalpy) 



 
      2.   Hydrophobic effect:  
➔ The cage/clathrate structure that water forms around hydrophobic particles limits 

hydrogen bonds resulting in a low entropy, unfavourable system  
➔ When proteins fold, the hydrophobic regions are enclosed in the interior or the 

protein forming vdW interactions with each other while the hydrophilic region remain 
on the outside and can interact with the water molecules forming hydrogen bonds 
resulting in a higher entropy, favoured system 

➔ Gibbs free energy requires a high entropy value (high level of disorder) to make 
overall negative charge for a spontaneous reaction.  

 
Similarly for DNA, this hydrophobic effect can be seen, the sugar-phosphate backbone is 
negatively charged and hydrophilic, which allows the DNA backbone to form bonds with 
water. Meanwhile, nitrogenous bases are hydrophobic so in the high entropy value position 
are facing inwards.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Overall we want: Negative enthalpy (folding more stable) and a positive entropy 
(hydrophobic effect allows for more disorder)  
 
Worked examples of molecular recognition 
Most proteins are only just stable: There is very little difference in energy between folded 
and unfolded states of globular proteins and the gibbs free energy is only slightly negative 
 
Unstable molecule: 
➔ Baker’s eye: Thermal denaturation of eye proteins 

 
Stable molecules:  
➔ GFP: From jellyfish 
➔ Antibodies: Molecular recognition for very specific binding to antigens to neutralize 

them 
➔ Antibodies (immunoglobulins) can be a quaternary structure or domains 
➔ Body produces more than 100 million different antibodies specific to different 

antigens which bind with a high affinity and selectivity 
 



Domain Quaternary/oligomeric structure 

➔ Separately folded regions of the 
same protein 

➔ Active sites are created in clefts 
between domains  

➔ Different domains combine resulting 
in different activities also combining 

➔ Allows flexibility which is important 
for function 

➔ Several separate polypeptide chains 
cluster together 

➔ Oligomer = many units (monomer = 
1, dimer = 2, trimer = 3, tetramer 
etc) 

➔ Weak interactions hold the separate 
folded polypeptide chains together 
as a functional unit 

 
IgG antibodies (immunoglobulin G) 
➔ Multidomain, multi-chain proteins forming a Y shaped molecule  
➔ 2 heavy chains in 4 domains each and 2 light chains with 2 domains each  
➔ Flexible hinges in between the domains allowing a single antibody to bind to two 

antigens at the same time with an adjustable distance - giving a very strong bind 
➔ Very stable molecule and has additional di-sulphide bonds between cysteines 
➔ 2 identical binding site clefs at the top of the Y - antigen binding site  
➔ Hypervariable loops at the top of each variable domain (12 overall) specific to the 

antigen 
 
GFP: Very strong stable molecule held together by hydrogen bonding forming the beta barrel 
shape 
 
Molecular recognition between antigen and antibody 
➔ Binding site has a specific shape and size 
➔ Charge interactions (often opposite between antigen and antibody) 
➔ Polar/non-polar 
➔ Hydrophobic and hydrophilic regions 

 
Binding site recognition 

➔ Charged, nonpolar and hydrophobic 
regions match up 
➔ A1 with BS3 
➔ A2 with BS5 
➔ A3 with BS4 
➔ A4 with BS1 

 
 
 
 
 
 
 
 
 



Molecular recognition and influenza drug discovery 
➔ Pandemic occurs three times every 100 years and are caused by highly virulent 

strains of a virus 
➔ Kills strong immune systems because causes a cytokine storm where  the immune 

system overreacts and kills itself.  
➔ Influenza is carried by wild bird population but domesticated chickens and pigs can 

contract the virus 
 
Entry and exit of virus from our cells 
➔ Surface proteins on the membrane of influenza virus: Haemagglutinin and 

Neuraminidase/sialidase 
 

1. Galactose on haemagglutinin binds and activates a sialic acid receptor on a normal 
cell membrane 

2. Virus enters cell and viral RNA material enters the nucelus 
3. Viral genetic material hijacks the cells energy and materials to replicate the virus 
4. New virus cell has haemagglutinin and neuraminidase on the membrane 
5. New virus cell is exocytosed  
6. To ensure haemagglutinin doesn’t reattach to the receptor on the cell, the 

neuraminidase binds to sialic acid and cleaves the bond to release the new viral cell 
7. Cell goes on to infect other cells 

 
There are 16 types haemagglutinin and 9 types of 
neuraminidase 
➔ All types found on birds whos sialic acid receptors have 

alpha 2,3 linkages 
➔ Only 3 haemagglutinin have adapted to infect humans 

(H1, H2, H3) as they can recognise the sialic acid 
receptors (alpha 2,6 linkage) lining our nose and throat 

● Humans do have sialic acid alpha 2,3 linkages 
in their lungs through 

➔ Pigs have both 2,3 and 2,6 in their throat and lungs so 
they simultaneously receive both bird and human 
infection. As the RNA in influenza is in short pieces, 
cells injected by different viruses at the same time causes the RNA to get mixed up 
and the virus be able to pass to humans back with the bird flu inside it 

 
Drug design  
➔ Drugs can be designed to block the activity of neuraminidase so that it cannot cleave 

the hemagglutinin and sialic acid bond and the new virus cells cannot go on to infect 
other cells 

➔ Understanding the shape of neuraminidase in the substrate-active site complex 
allowed RelenzaTM and Tamiflu to be effectively designed to mimic and improve the 
complex structure.  

➔ Give extra interaction structures (correct shape, size, charge etc molecules) to fill any 
gaps in the complex so that the new drug binds more efficiently and strongly to the 


