
BCMB20002 BIOCHEMISTRY LECTURES:- 

 

Lecture One – Introduction 

 

The earth formed about 4.6 billion years ago. It took about a billion years before the first primitive 

microbes (blue-green algae) were present (about 3.4-3.6 billion years ago). About 2 billion years 

ago, cells with nuclei evolved. 

Cells have evolved a number of metabolic systems (eg some use O2, some deep sea microbes use 

sulphur) 

 

Lecture Two – Chemistry and Structure of Nucleic Acids 

 

Nucleotide – Building block of nucleic acids, containing a base, a sugar and 1-3 phosphate groups 

Nucleosides – Contain a nitrogenous base and a sugar. 

Pyrimidine: Cytosine, Thymine and Uracil. 

– Six atom ring, with nitrogen at 1 and 3 

– Planar 

– Heterocyclic 

– Basic, hydrophobic, delocalised double bonds 

Purine: Adenine and Guanine 

– Heterocyclic, nitrogenous, basic, hydrophobic, delocalise double bonds, planar. 

 

 

Deoxyribose sugar has a hydrogen attached to the 2' carbon, but ribose sugar has a hydroxyl group 

attached to the 2' carbon. The 5 carbon sugar is nearly planar, but there is a slight pucker in one 

carbon. The C2' or C3' are the ones that pucker. They can pucker into the ring (endo) or out of the 

ring (exo). In DNA, the C2'endo conformation is most common, but in RNA, the C3'endo is most 

common, as well as in RNA-DNA hybridization. 

Remember – Glucose is not planar (chair or boat conformation) 

In nucleotides, there is an oxygen atom in the ring. 

 

Lecture 3 – Nucleic Acids 

 

The classical helix structure of DNA is the result of the bond angle between the base and the sugar. 

The base and sugar are perpendicular to each other, to the bases lay in flat stacks while in the helix, 

and the sugar vertical. The bases are hydrophobic, but the sugar is hydrophillic, so the whole 

structure says together. Pyrimadine – Planar; Purine – Nearly planar 

 

At physiological pH, the phosphate groups are ions, but can interact strongly with proteins. 

Increased solubility of DNA, increased protection (negative charge repels -OH ions involved in 

hydrolysis). DNA is also more stable than RNA because it only contains one -OH group in its sugar, 

which is cleaved off to produce the phosphodiester bond. 

In bases, the N1 in the pyrimdine, and N9 in the purine form the bonds with the sugar. 

 

Thymine – 2,4-dioxo-5-methyl-pyrimadine 



 

Cytosine – 2-oxo-4-amino-pyrimadine 

 

Uracil – 2,4-dioxo-pyrimadine 

 

Adenine – 6-aminopurine 

 

Guanine – 2-amino-6-oxopurine 

 

 
Source: Wikipedia.org 

 

 

 

Cytosine is often deaminated to form a uracil - Mutation. Because uracil isn't used in DNA, it can 

be repaired. 

Cytosine can also be methylated (to 5-Methylcytosine) which can be further mutated to thymine. 

 

Naming rules – If the substitution is on a ring atom, the position of the substitution is indicated by 

the number in the ring atom. (eg 5-Methylcytosine) 

– If the substitution is exocyclic, the type and ring position of the substituted atom is 

identified in superscript (eg N^2-Methylguanine 

 

Bases pair based on hydrogen bonding (2.8-3.0A) 

 

The A-T pair is broken easier than C-G, so regions of DNA than need to be exposed more regularly 

are A-T rich (eg TATA box). There are a number of substitutions of carbonyl and extracyclic amino 

groups possible. 

Watson-Crick model for B-DNA 

1- 2 helical polynucleotide chains around a common axis 

– Antiparallel strand around a common axis 

– Major and minor grooves 

– Double helix in B-DNA is right handed 



2 – Hydrophilic backbones 

– On outside, alternating sugar-phosphate 

– Deoxyribose sugar (C2' endo) 

– Planes of sugars at right angles to bases 

3 – Hydrophobic purine and pyrimidine bases 

– Closely stacked inside a helix 

– perpendicular to long axis of helix 

– minor and major grooves shaped by backbone and surface base pairs 

– Resonance – Absorbance at 260nm 

4 – Dimensions for B-DNA 

– Base pairs 3.4A spacing 

– 10.5 base pairs per turn of the double helix → 36A/turn 

– Diameter: 20A 

– (A = Angstrom, 1A = 0.1nm) 

5 – Complimentary Base Pairing 

– Hydrogen bonding AT and CG agrees with Chargraff's rules 

– Allows synthesis of an accurate new strand for transmission of genetic information (DNA 

replication, RNA synthesis, DNA repair). 

6 – Bonds holding the helix together 

– Specific hydrogen-bonding between complimentary base pairs 

– 'Base stacking interactions' (hydrophobic, van der Waals, dipole) 

– Hydrophilic backbone (covalently bonded). 

 

Lecture 4 – DNA-protein interactions 

 

The major and minor grooves are the access point for gene regulation. 

In the AT pair, the minor groove in on the side where there is no hydrogen bond, and the major 

groove on the side that has a hydrogen bond. 

There is a large variety in the major and minor grooves (from hydrogen bonds, methyl groups, etc) 

allow for specific recognition of sequences. 

 

Hydrogen bonds can be broken by heat – More AT pairs, less energy required, lower temperature 

required. Probes can then be allowed to anneal to the DNA at the complimentary sequence. 

• Melted DNA will reanneal at room temperature. 

• Single stranded DNA is hyperchromic to dsDNA (absorbs more light at 260nm) 

• Palindromic sequences are the target site for restriction endonucleases. Palindromes can 

self-hybridise to form hairpin loops. 

• Mirror repeats allow formation of triple-helix, and function in some DNA metabolism eg 

recombination. 

 

Lecture 5 – Chromosome Packaging 

 

Underwound DNA has more bp per turn – supercoiling relieves the bond angle strain 

• Removing a turn is called negative supercoiling 



• Strain can also be relieved by opening a strand 

Overwound DNA happens in nature, but is immediately removed. 

• Topoisomers – Differ in their link number 

• Topoisomerases – Types 1 and 3 break and seal one strand, no ATP 

• Type 2 (Gyrase) breaks and seals two strands, costs ATP 

• 10,000 fold condensation of naked DNA in mitosis 

Nucleosome – 10nm fibre of DNA wound around histones 

 

Histones must be modified in order for genes to be expressed 

• acetylation, methylation, phosphorylation – methylation is permanent. 

◦ the N-termini of the histones are modified by Histone aminotransferase 

• Histones are highly conserved across all species. 

• Histones bind to the minor groove of DNA, and have a slight preference for AT pairs. 

◦ 142 hydrogen-bonds bind DNA to histone 

• RCAF, containing CAF-1 is a protein complex that allows nucleosomes to be packaged. 

• Histones allow DNA to be stored in an underwound state, so that when the DNA comes off, 

is can be opened easily 

• Wrapping around the histone produces a 30nm fibre or nucleofilament 

◦ One loop is ~75,000 bp, and arrange as 6 loops around a nuclear scaffold which 

contains topoisomerase in order to relieve the strain. 

Histones – positive charge. 25% lys/arg 

 

Lecture 6 – Amino Acids 

 

*The amino acid sequence defines the 3D structure* 

 

Proteins are involved in metabolism, DNA replication and modification, transcription, translation, 

signalling, protein folding, transport, defence and immunity. More than 50% of the proteins so far 

discovered (13,500 of 25, 000) have an unknown function. 

One gene can be spliced differently to give different proteins. 

Proteins can also be modified post-translationally. - phosphorylation, glycosylated (adding sugar 

groups), proteolytic cleavage. 

Proteomics – The study of all known proteins 

Proteins have some flexibility – They can be difficult to visualise and study. 

Several different levels of organisation 

• Primary – Amino acid sequence in order from N-teminus to C-terminus 

• Secondary – Local areas or regular ordered structure 

• Tertiary – Three-demensional fold of a protein subunit 

• Quaternary – Organisation of subunits 

 

 

*Learn full name, one letter and 3 letter codes of amino acids* 

*Learn details of the side chains* 

*Learn the functional properties of the side chains* 



The generic amino acid (alpha hydrogen coming out of the page) 

 

 
Source: Wikipedia.org 

 

D-configurations (in which amino group and carboxyl group are swapped) occur rarely in nature. 

L-amino acids can be synthesised from L-glyceraldehyde, while D-amino acids can be synthesised 

from D-glyceraldehyde 

Zwitterionic – carboxylate and amine can be ionised – neutral (no net charge) at neutral pH. 

NH2-(CHR)-COOH cannot exist – Exists as NH3+-(CHR)-COO- 

20 amino acids, all defined by the R group 

pH=pKa + log([A-]/[HA]) 

The pKa is the 50% point – represents when 50% of all molecules of a particular amino acid are in 

the form NH3+-(CHR)-COO- 

 

Lecture 7 – Primary Structure 

 

Go down chain naming alpha, beta, delta etc as they go down. 

- each amino acid in a protein is called a 'residue' 

At branch, both receive the same letter, but the heaviest atom is labelled with a 1, and the lighter 

with a 2. 

Some amino acids appear much more commonly in protein structures. 

Histidine has a pKa of 6, so it's easily protonted and deprotonated at neutral pH. It's incorporated in 

the active site of enzymes, but is not commonly found throughout proteins. 

 

Each amino acid has it's own properties, but can be grouped together based on interactions with 

water and their ability to be modified *would be ideal to memorise these groups* 

• Neutral, polar A.A.s are asparagine, glutamine, serine and threonine. 

• Hydrophobic amino acids (Ala, Val, Leu, Ile, Met) 

• Aromatic (Phe, Tyr, Trp) absorb UV light, can used spectrophotometers to analyse them. 

Tpyptophan is the easiest to do this with, but it's the rarest AA at 1.4%. It's the largest AA, 

and is difficult to pack into protiens. 



• Glycine has no R group, allowing for the protein to twist into shapes that would not have 

normally been allowed. 

• Proline has an R group that cycles round and attaches back to the peptide nitrogen (making 

it an imine, NH, NH2+) All single bonds, not aromatic. 

• Cysteine has a CH2-SH R group. The two protons can be lost (plus two e-), to form a 

disulphide bridges 

• Some amino acids (mainly ser, thr and tyr) can be phosphorylated (from ATP) 

- Important for regulation and amplification of many biological processes. Changes the chemical 

nature of the residue, polar/neutral to polar/negative 

Mean MW of residues in proteins is 110 daltons. 

 

 

Lecture 8 – Secondary Structures 

 

• The peptide bond provides an amount of rigidity and structure 

• Polypeptide <100 AA, Protein 100 AA and greater. 

• There is a partial double bond character to the peptide bond (O=C-N → O=C=N → O-C=N) 

• Commonly represented as O=C-N – resonance, provides greater stability, less likely to be 

attacked 

• Peptide bond length is 1.32A, (single bond length in 1.49A, double bond length is 1.27A) 

• Peptide bonds can be trans (R group on opposite sides, 180degrees) or cis (two alpha 

carbons on  the same side). Most bonds are trans, because there is less bond strain. 1000 

times more stable. 

• In Proline, the alpha carbon clashes with the delta group in the trans configuration, but is 

still four times more stable than cis 

• Peptides, polypeptides and proteins vary in length, molecular weight and charge. 

• Mass can be crudely calculated as number of residues * 110. Mass in calculated in daltons 

(Da), kilodaltons or megadaltons. 

• Localised charge is not desirable. 

• As polypeptide length increases pK1 increases while pK2 decreases. 

• Isoelectric point (pI): The pH where the protein contains no net charge. 

• Acidic proteins have a low pI (Asp, Glu dominate) 

• Basic proteins have high pI (Arg, Lys, Tyr dominate) 

• At pH below the pI, the protein has a net positive charge 

• At pH above the pI, the protein has a net negative charge 

• Disulphide bonds arise from Cys residues that can be inter or intrachain. 

 

• Protein sequence can be determined by Edmund Degradation which involves removing a 

single  residue and analysing it. 

• Mass spectrometry can be done to analyse modified (eg. Phosphorylated) residues. 

◦ The sequence can also be analysed by cDNA. It won't tell if the protein is post-

translationally modified. 

 

• There are 3.6 residues per helix turn in alpha helix 



• H-bonds run parallel to helix, side chains perpendicular to helix 

 

Lecture 9 – Non-covalent bonding in proteins 

 

• +ve rotation of the bond angle is considered an anti-clockwise rotation. 

• A dihedral (torsion) angle (omega) is made up of four atoms or three bonds. 

• Cis has a 0 degree angle, and trans has a 180 degree angle. 

• Phi angle is between the nitrogen and the alpha C. 

• Psy is the angle between the alpha carbon and the carbonyl carbon. 

• They cannot both be 0 degrees because the oxygen of residue 1 would try to occupy the 

same physical space as the amine hydrogen on residue 2. 

• Both 180 degrees – no clash at all 

• Phi 180, Psy 0 – weak clash NHi to NHi+1 

• Phi 0, Psy 180 – strong clash C'i-1 to C'1 

• Phi -90, Psy 180 – No clash 

• Phi 90, Psy 180 – Clash C'i to C(beta)i 

• Glycine allows the protein to enter seemingly unfavourable angles because it has no R 

group. 

 

Alpha helix 

• is right handed 

• Abundant 

• Phy.Psy -57, -47 (-60,-50) 

• There are 3.6 residues in a turn (every 100 degrees), 13 atoms in a Hydrogen bond ring 

• All NH and C=O within the helix form favourable internal Hydrogen bonds 

◦ ie the whole structure is held together by hydrogen bonds running along the length 

• Carbonyls are oppositely alligned to NH, a small net dipole moment (slight +ve charge at N-

terminal, slight -ve at C terminal) 

• Hydrogen bonds are parallel to the helix – held together in plane 

• Often amphipathic – hydrophilic surface, hydrophobic core 

• Although residues are close together in sequence, they are further apart in space. 

 

 


