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Chapter 1 

• 4 macromolecules: LINEAR- DNA, RNA, proteins; BRANCHED- Glycans (carbs)  Covalent bonds ( usually 

polarised to form electric dipoles) 

• Informational molecules: carry information to perform a function 

• Operational molecules: form molecular machines to carry out those functions 

• GENE: A segment of the DNA that codes for a functional RNA or protein molecules  

 

Pair-wise interactions:  
Energy of interaction b/w 2 molecules can 
be calculated by summing up the non-
covalent interaction energies between 
pairwise combinations of atoms in two 
molecules. 
Non-covalent interactions are weak and can 
form and break during collisions and 
vibrations at room temp. 

Induced dipole effect: when an atom is subjected to an 
electrical firld casuing redistribution of e-s in an 
asymmetric way. 
When two neutral atoms approach each other, trabnsient 
fluctuations in e- clouds set up transient dipoles, these 
dipoles mutuallyt reinforce each other casuing attraction 
b/w them. This attractive force is LONDON FORCE/ 
VANDER WAAL’S ATTRACTION (depends on nature of 
interacting atoms). 
VANDERWAAL’S REPULSION when atoms get closder than 
3-4 Å. The atom behaves like an impenetrable sphere, hence its 

corresponding radii is VANDERWAAL’S RADII. 

 

 

VANDERWAAL’S CONTACT:  
Minimum optimum distance = sum of 
vanderwaal’s radii of two atoms 
STABILIZATION ENERGY: Lowest energy 
Vanderwaal’s attraction is veru weak due to 
continuous thermal motion and collison 
between particles (esp. in solutions).  
Steric effects impose constraints on 3D 
structures 

Salt bridge/ Ion pair: When two oppositely 
charged groups are close to each other eg. 2 
Amino acids. 
As per Coloumb’s law (for charges only), 
energy becomes more –ve due to attraction 
while r decreases, but reahes to a minimum 
and become +ve due to e- repulsions.  
Stabilisation energy is higher, and the 
optimal distance is smaller.  
Effect of environment: Interqaction 
decreases due to shielding by solvent 
molecules like water, inside a protein is 
similar to vaccuum hence interactions are 
greater.  
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The β – lactam ring of penicillin fits into the 
hydrophobic pocket of trans peptidase enzymes, 
thereby blocking their active site for cross linking the 
monomeric units, and inhibiting their function.  
 

 

 

1. Penicillin has structural similarity with the acyl- D-Ala-D-Ala terminus of the peptide chain, it reacts with the 
nucleophilic serine residue of transpeptodase in a similar way to form a more stable acyl-enzyme complex.  

2. This irreversibly inactivates the enzyme due to formation of permanent covalent bonds.  
3. The next approaching monomeric subunit is blocked, and the stable ester formed also blocks the approach of 

water molecule preventing ester hydrolysis of the stable complex.   
4. Without a normal rigid cell wall, cells burst when subjected to low osmotic pressure of the surrounding 

environment.  
β – lactamase penicillin resistance mechanism  

  

β - lactamases, which are structurally and mechanistically related to PBPs, have evolved an efficient hydrolysis 

mechanism for the b -lactam-enzyme complex, thereby inactivating the antibiotic and providing an effective means of 

resistance to b -lactams.  

β – lactamase forms an ester with penicillin and cause ester hydrolysis, thereby inhibiting penicillins to bind to PBPs.  



Clavulanic acid inhibition mechanism 
 

 

1. Clavulanic acid reacts with a serine residue (Enz-OH) of β-lactamase to open the βlactam/amide ring and form 
an ester, This is similar to the reaction of β-lactamase with penicillins but, whereas the ester is readily 
hydrolysed in the case of penicillins, through the amine acting as a base to deprotonate water and generate 
nucleophilic hydroxide (shown by the black arrows), in the case of the ester formed from clavulanic acid, 
competing carbon-oxygen bond cleavage occurs (shown by the red arrows).  

2. This cleavage happens because the group that separates is unusually stable since the negative charge is not 
localised on oxygen but is instead spread over the adjacent double bond (illustrated by the structures drawn 
in red).  

3. The resultant imine with the carbon-nitrogen double bond is no longer able to act as a base to generate 
hydroxide for ester hydrolysis (red cross).  

4. Instead an enzyme amino group acts as a nucleophile to add to the imine (shown by the blue arrows) to form 
another covalent bond, irreversibly attaching what remains of the clavulanic acid to the enzyme and blocking 
its active site.  

5. Clavulanic acid is therefore a suicide substrate inhibitor of the β-lacatamase since it is only through catalysis 
by the enzyme that the imine is unmasked – the enzyme commits suicide. This is a particularly effective form 
of enzyme inhibition.  

 

 Inhibition by clavulanic acid prevents the β-lactamase from catalysing the destruction of penicillins, but clavulanic acid 

does not itself act as an antibiotic to stop bacterial cell wall synthesis because it lacks a bulky hydrophobic group on 

the β-lactam ring that is required for binding to penicillin binding proteins/transpeptidases.  

Instead it is coadministered with a penicillin such as amoxycillin, which has a hydrophobic group. In the combination 

formulation marketed as AugmentinTM, clavulanic acid then inhibits the β-lactamase to prevent it from destroying 

the amoxycillin, while the amoxycillin is required to bind to transpeptidases and inhibit bacterial cell wall synthesis 

and replication. 
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