
Cytosines are deaminated to uracil spontaneously by oxidative (all spontaneous reactions are 
oxidative) deamination as water bonds with the amine group, forming a keto group instead 
whilst producing ammonia and this occurs approximately 100 times a day. As this is a 
corruption to the code, it must be removed. The methylation of Uracil into Thymine in the 
DNA mean that all Uracils found in the DNA must be the result of cytosine’s oxidative 
deamination and thus these are excised and replaced. As such, it provides a tag to ensure that 
the DNA can know whether the Uracil was meant to be there. 

DNA has major and minor grooves, giving 
proteins access to the base pairs. The GATA1 
enzyme up and down regulates many genes 
during erythroid differentiation. 

The double helix is held together by strong 
bonds such as the phosphodiester bond holding 
together the nucleotides as the 5’ P joins to the 3’ -OH. However, there are many weak forces 
such as hydrophobic interactions (causing base stacking), electronic interactions, H-bonds, 
ionic interactions and van der Waals forces. 

As the bases are flat and aromatic, they are hydrophobic and are in the interior of the 
molecule. As they are flat, they can sit atop each other, providing the mobile electrons of the 
aromatic rings a favourable interaction. 

The H-bonds form between the Watson-Crick base pairs: A-T (2 H-bonds) and G-C (3 H-
bonds). 

Electrostatic forces ae seen between the repelling negative charges of the phosphate groups in 
each residue, as well as the attraction of the bases and thus, there is a twist to ensure both 
forces are accommodated. 

IDENTIFY THE MAJOR FEATURES OF PROTEINS: PEPTIDE BOND, AMINO 
AND CARBOXYL TERMINALS, SIDE CHAINS, ALPHA CARBON 

In terms of the proteome, the mRNA is translated into a protein which is then folded, giving 
rise to the various forms it can take which include ion channels, receptors, antibodies, 
enzymes and transcription factors. The function of a protein is heavily dependent on its 
structure which in turn, is determined by the amino acid constituents. Over half the cell is 
protein as they give it shape and are found in enzymes, hormones, toxins, transporters and 
antibodies.  

There are 20 amino acids, each varying 
significantly with regards to their side chain.  

As can be seen on the right, the alpha amino 
acid (general structure) has an alpha carbon 
from which the sidechain can branch out, 



giving rise to the different amino acids. Also attached to the alpha carbon are the amino 
group and carboxyl group. 

When two amino acids combine, the amino group of one reacts with the carboxyl group of 
another and through condensation polymerisation, producing water whilst forming a peptide 
bond. However, as the cell is an aqueous environment, it is thermodynamically unfavourable 
to produce water. As such, this occurs on ribosomes where RNA catalyses the reaction and 
water is excluded from the active site. However, for this to occur, the amino acids must be 
activated by ATP first, thus making translation a complex process. 

Peptide bonds have resonance, meaning that 
they vary in 
structure 
temporally. As 
seen on the right, 
it spends most of 
its time with a 
double bond to the oxygen but when in the other state, there is 
a dipole and thus, hydrogen bonding occurs. As there is a 
partial double bond, the peptide is flat and rigid, unable to 
rotate. 

The image on the left explains that in the first structure, there 
is free rotation around the C-N bond while the second 
structure (with the dipoles) does not allow for bond rotation. 
The intermediate electron density shows that the energy 
requirements for rotation are too high and therefore the amide 
group remains planar. 

As seen on the right, a peptide chain begins at the 
N-terminal and as it is an amine group, it is positive 
at pH 7. At the other end, the C-terminal is negative 
at a physiological pH. As only compounds with a 
hydrogen are capable of donating H-bonds, the N-H 
bond is a hydrogen bond donor and is positive 
whilst the C=O is negative (oxygen will always be 
negative) as it receives the hydrogen bond. 
However, as there are positive charges from the side chains and N-terminal, as well as 
negative charges from the C-terminal and side chains, the net charge is 0.  

When determining the number of peptide bonds, there is always one less peptide bond than 
base. The backbone of a peptide is always negative. 


