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By replacing larger, non-polar amino acids with smaller ones in the core of T4 lysozyme it is possible to engineer cavities of 

different sizes.  The largest of these, generated by the L99A substitution, has a volume about 150 Å³.  The talk will focus on 

the properties and uses of this cavity.  External ligands can easily move into and out of the cavity.  Because solvent is not 

displaced it serves as a simple model to evaluate the effectiveness of docking procedures used to predict ligands that will 

bind to a specific site on a protein.  The cavity generated by the L99A substitution is largely non-polar, but by making 

supplemental mutations the polarity can be changed and the consequences for ligand binding evaluated. 

 

The size and shape of the cavity can change to accommodate different ligands.  For example, in binding ligands such as 

C6H5X or C6F5X where X = H, F, Cl, Br or I the cavity volume increases from 181 Å³ to 245 Å³.  There is a remarkably 

close contact of 3.0 Å between the iodine atom on C6F5I and the sulfur or selenium atom of Met or SeMet102.  This 

interaction is 1.0 Å less than the sum of the van der Waals radii and is an example of a so-called halogen bond.  

Notwithstanding this close approach, the increase in binding energy for the halogen bond relative to a van der Waals contact 

is estimated to be only about 0.5-0.7 kcal/mol. 

 

The effect of high pressure on the cavity-containing mutant lysozyme has been evaluated.  Under pressure the cavity does 

not collapse.  Rather, the protein structure is maintained and several water molecules move into the cavity. 

 

There has been ongoing controversy as to whether apolar cavities in proteins are truly empty, or whether they contain 

disordered solvent which is too mobile to be seen by standard crystallographic analysis.  To address this question we have 

obtained a high-resolution electron density map for the cavity-containing mutant which is based on experimental phases and 

avoids artifacts that may be introduced during conventional crystallographic refinement.  A similar investigation has been 

carried out for the apolar cavity in the protein interleukin-1.  The results of these experiments will be described. 
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