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In geometrical
specificity, an enzyme can bind to different substrate that have similar molecular geometry. 

Proximity and Orientation effect

Substrate  binding  has  additional  effects  that  enhance  reaction  rates  -  most  obvious  is
proximity & orientation. Reactants must come together with the proper spatial relationship
for a reaction to occur. Proximity effects (minor) are most readily observed by comparing
equivalent inter- and intramolecular reactions. Intramolecular reactions are typically 10-100
fold more rapid. Orientation effects are more significant though difficult to quantify. Theory
suggest  that  molecules  are  maximally  reactive  when  their  orbitals  are  aligned  so  the
activation energy of the transition state is minimized.
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Orbital Steering Hypothesis

A  concept  related  to  proximity  effects  is  that  of  orbital  steering.  The  orbital  steering
hypothesis suggests that the juxtaposition of reactive groups among the substrates and active
site residues is not sufficient for catalysis. In addition to this positioning, the enzyme needs to
precisely steer the molecular orbitals of the substrate into a suitable orientation. According to
this  hypothesis,  enzyme  active  site  groups  have  evolved  to  optimize  this  steering  upon
substrate binding for proper alignment so that relevant orbitals overlap and the transition state
can be attained with a high probability. 
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Strain and distortion theory

 When substrate bind the enzyme, it may induce a conformational change in the active
site to fit to a transition state.

 Frequently, in the transition state, the substrate and the enzyme have slightly different
structure (strain or distortion) and increase the reactivity of the substrate.

The native 3-dimensional conformation of the enzyme molecule is required for its catalytic
activity, for example Ribonuclease, chymotrypsin
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Ribonuclease

           Intact Ribonuclease

       ↓Subtilisin

               After Cleavage

Histidine residues 12 and 119 are required for catalytic activity of ribonuclease. The bacterial
protease Subtilisin cleaves the 124 residue chain of ribonuclease between residues 20 and 21.
The long fragment, S-protein contains Histidine residue 119 and the short fragment S-peptide
contains Histidine residue 12. S-protein and S-peptide are catalytically inactive singly but
when they are mixed at pH 7, enzymatic activity is restored, though no covalent linkage is
formed between them. S-peptide binds to S-protein through weak forces like H-bonding and
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hydrophobic interaction in such a way as to bring the 2 essential Histidine residues together
at the active site. 

X-ray analysis studies suggesting 
that the polypeptide chain is folded
in such a way that these two 
Histidines (12 and 119), which are 
separated by 107 residues in the 
backbone, are brought close 
together at the active site.

Chymotrypsin

 Chymotrypsin is a digestive enzyme that hydrolyses proteins in the small intestine.
 Its inactive precursor, chymotrypsinogen, is synthesised in the pancreas. 
 Chymotrypsinogen, a single polypeptide chain consisting of 245 amino acid residues,

is devoid of enzymatic activity. It is converted into an active enzyme when the peptide
bond joining Arg15 and Ile16 is cleaved by trypsin to form π – Chymotrypsin.

 π  -  Chymotrypsin  subsequently  undergoes  autolysis  to  specifically  excise  two
dipeptides, Ser14- Arg15 and Thr147 – Asn148, thereby yielding the active enzyme α-
Chymotrypsin.  

 It  has  a  single  polypeptide  chain  of  245 amino  acid  residues  held  together  by  5
intrachain disulphide bridges.

 The active  α-chymotrypsin  consists  of  three  polypeptide  chains  (A,  B & C)  held
together by 2 disulphide bonds (1-122 and 136-201). Thus the two specific residues
essential for catalytic activity, His-57 and Ser-195 are present in two different chains.  
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 By X-ray  analysis  of  the  tertiary  structure  of  chymotrypsin  shows that  these  two
residues are very close to each other in the conformation of the native enzyme.

 Folded  structure  of  chymotrypsin  shows  His-57  and  Ser-195,  active  site  in  two
separate chain close together. 

 Therefore conformational change in the tightly folded loops of the polypeptide
chain contribute to the catalytic process and many enzymes undergo a change in
conformation during their catalytic cycle.
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