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Information Technology (IT) 
 Must be able to be 

o Stored 
o Accessed 
o Transferred 
o Read 
o Used 

 Carbon based IT 

o  

o The genome (DNA) 
o The transcriptome (RNA) 

 mRNA - least abundant 
 tRNA - ~16% 
 rRNA - most abundant 
 Small nuclear RNA - regulatory RNA for other RNA 

o The proteome (the protein) 
  



 
 DNA is in almost every cell and contains the same information 
 Usually only once copy of each gene 
 The order of the amino acid is important - polypeptide chain - needs to be folded 

  
The big four biopolymers: 
 Fat 
 Carbohydrate 
 Protein 
 Nucleic Acid 

Bipolymer properties: 
 All linear bipolymers have a defined start and end 
 Synthesis is anabolic process - requires energy input 
 All are synthesised in one direction 
 Some of the monomer is lost in polymerisation which leaves residue in a growing chain 



 
Elements of life 
 All come from first 2 and 3 rows of Periodic Table 
 C, H, O, N, P, S 
 All have small atomic radii 
 Can form strong covalent bonds 

Carbon 
 Life depends on Carbon 
 All bipolymers have a carbon backbone 
 It is not the most abundant - Oxygen then silicon 
 Can bond to itself and form chains - catenation 
 Side chains hang off backbone 
 To form a polymer and element must have at least 3 valence electrons - chain requires 2 

bonds 
 Carbon forms 4 bonds 
 The bonds it forms with itself must be stronger than its bonds with oxygen 
 Silicon also forms 4 bonds - but it readily bonds with oxygen - stronger bonds than itself - 

glass/sand 
 Silicon has a larger atomic radius - weaker covalent bond 
 Carbon compounds are relatively inert or kinetically stable to hydrolysis and oxidation 
 Organic reactions tend to be under kinetic control rather than thermodynamic control - 

although reaction is thermodynamically favourable (product energy < reactant energy) the 
reaction is slow and almost non-existent due to high activation energy - attractive for enzyme 
control 
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Chemical Bonding 
 Covalent - sharing electrons 
 Ionic - transfer of electrons 
 Polar covalent bonding - electrons are shared unevenly so that one atom is more negative 

than the other. 
 Water is very polar - molecules which also have a dipole are attracted to it and will thus be 

soluble - important in a cell 
 Hydrophilic - water loving - soluble in water - have a dipole which attracts them to water 

molecules  
 Hydrophobic - water hating - insoluble in water - have no dipole 

  
Fats 
 Fats or lipids have the general formula (-CH2-)n  
 e.g. fatty acids like palmitic acid - n=15 - connected to -COOH group 
 Three of these fatty acids esterify (change into an ester) to a glycerol molecule and form 

triglycerides. 
 Ester - formed in a reaction between an acid and an alcohol 
 Acid - compound that releases H+ or accepts a pair of electrons to form a covalent bond with a  

base 
 Lipids are very hydrophobic because the long carbon chains are very non-polar - C-C and C-H 

bonds share electrons quite evenly 
 The longer the carbon chain the more hydrophobic the molecule is 

  
Carbohydrate 
 Aka hydrated carbon - general formula (H-C=OH)n 
 e.g. cellulose, starch, glycogen 
 General name polysaccharide - many sugars 
 When 5 or 6 carbons - cyclic ring chain forms - e.g. glucose 
 Sugars are components of nucleic acids - hydrophilic - very soluble due to the OH group very 

polar - important for DNA and RNA 
  
2 classes of biopolymers 
 Nucleic acids and proteins 
 These differ in that they are made of different types of the monomer joined up in a particular 

order - order is crucial - this is the information which gets transferred 
 A sequence dependent polymer must have a template and there must be some way of copying 

the template accurately 
  
DNA and RNA 
 Both are nucleic acids - first isolated from the nucleus and they are acidic 
 Composed of 4 monomers - each contains a sugar group - a phosphate + ribose/deoxyribose - 

these make nucleic acids water soluble and acidic 
 Composed of repeating sugar phosphate backbone - vary due to the 4 different bases and 

their order - these hang off the backbone and are attached to the sugar 
  

Proteins 
 Polymers made of amino acids 
 20 different kind of amino acids - side chains differ - can be hydrophobic,  aromatic, polar, 

acidic and basic. 
 Type of chain and sequence determines properties of protein 
 Some sides attract each other, others repel 



 Some chains form weak bonds with each other 
 Proteins are found everywhere in the cell 
 Functions 

o Hold shape of cell 
o Receptors 
o Transporters 
o Enzymes - biochemical catalyst 

  
Determination and maintenance of order 
 Eukaryotic cells (multicellular) - transcription and replication occurs in the cytoplasm (outside 

the nucleus but inside the membrane) 
 Prokaryotic cells (no organelles, DNA is not in nucleus) transcription is not compartmentalised 

so it is almost simultaneous to translation 
 Replication is carried out by DNA, transcription by RNA and translation is performed on 

ribosomes (cluster of proteins and RNA) 
  
How amino acids form proteins 
 Amino group - NH3

+ 

  

  



  

 Two amino acids combine to form a peptide - peptide bond 
 And amide is made from a carboxyl - it has C=O and NH 
 An amine group is the NH3

+ 
  

  
The Peptide Bond 
 Amino acids are added sequentially to the carboxyl group 
 The peptide bond is an amide bond - it forms an amide - it consists of H, C, N and O 
 Some of the monomer is lost in the polymerisation - amino acid residue - water molecule is 

released 
 The polypeptide may have differing side chains but its backbone is the same - a defined 

beginning (N terminal) and a defined end (C terminal). 
 The protein is then folded, modified and transported to the correct location for use. 
 Peptide bond formation is thermodynamically unfavourable (product energy > reactant 

energy) in an aqueous environment - water molecule is released - hydrolysis (reverse reaction) 
is preferred due to the large amounts of water - the cell excludes water from this site during 
peptide formation. 

  

 The double bond between oxygen and carbon resonates - stops it from rotating, hence giving 
it planarity - also gives it a polarity - it is both a donor and acceptor of hydrogen 



 


