
The QacR binding pocket, as revealed by x-ray crystallography, is lined primarily with aromatic residues and 
several glutamates.  The glutamates found in the binding pocket were not surprising, as the inducing ligands for 
QacR are all positively charged.  These glutamates, including glutamate 90 (E90), appear to make electrostatic 
contacts with the drug analogs, all of which are positively charged.  These glutamates may function to increase 
the affinity of the protein for positive ligands or to decrease the affinity for negative ligands; mutation of the 
anionic residue, E90, to an electrostatically neutral residue would lead to a marked decrease in affinity for the 
drug analogs that interact with E90.  To study the effect of alanine and glutamine substitutions of residue E90 
on drug analog binding, we measured changes in drug-binding affinity with fluorescence polarization and 
isothermal titration calorimetry.  X-ray crystallographic structural information was used to reveal any 
unexpected changes in the binding pocket due to the mutation.  Drug analogs that interact with E90 (R6G and 
malachite green (MG)) and one that does not (dequalinium (Dq)) were used in the crystallization and affinity 
measurement studies.  By fluorescence polarization, the wild-type QacR and the mutants, E90A and E90Q, 
have similar affinities for the drug analog rhodamine-6-G (R6G), which makes a complementary charge 
interaction with E90 in the wild-type QacR.  However, isothermal titration calorimetry, which measures 
stoichiometry as well as affinity, indicated that E90A has a drug:QacR-monomer stoichiometry of 1:1 rather 
than the 1:2 value that was measured for both wild-type and QacR E90Q.  The QacR-E90Q-MG complex 
crystals diffracted to 2.6 Å resolution and crystallized in a different space group than any previous crystals of 
ligand complexes with either wild-type or mutant QacR proteins (P62 vs. P42212).  Though the DNA-binding 
domains of the QacR-E90Q-MG structure are almost identical to those of the wild-type-MG structure, they have 
swung closer together by 6 Å.  Unexpectedly, the glutamine substitution does not affect the QacR-E90Q-MG 
complex.  The drug-binding pocket in the QacR-E90Q-MG structure superimposes almost perfectly with the 
drug-binding pocket of the wild-type-QacR-MG structure.  By contrast, the 3.3 Å resolution structure of the 
E90Q-QacR-Dq complex reveals that the side chain of Q90 makes a contact with the dequalinium where as in 
the wild-type-QacR-Dq structure E90 does not.  This new contact may increase the affinity of the QacR-E90Q 
protein for dequalinium.  In conclusion, the affinity measurements suggests that E90 does not contribute to drug 
binding affinity, but structural confirmation is required to interpret the affinity measurements.  Further X-ray 
crystallographic structures are also necessary to determine the structural significance of the new stoichiometry 
of the QacR-E90A-drug complexes.  Additionally, the hexagonal crystal form for QacR has captured a different 
conformation of the protein, thus illustrating the flexibility of the DNA-binding domains of QacR. 


