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Chromosomal dihydrofolate reductase (DHFR) enzymatically reduces dihydrofolate (DHF) to tetrahydrofolate (THF) using NADPH as a cofactor.  R67 DHFR is an R-plasmid encoded enzyme that confers resistance to trimethoprim (TMP), an antibacterial drug.  It shares no structural homology with TMP targeted, chromosomal DHFRs.


Previous osmolyte studies in our lab have indicated that DHF binding to R67 DHFR is accompanied by water uptake and NADPH binding is accompanied by water release. These data suggest that water plays a role in balancing the binding affinity.  This may happen as R67 DHFR has a generalized binding surface and may need differential water effects to accommodate both ligands.  To further examine this hypothesis, we collect binding and steady state kinetic data using hydrostatic pressure.  Increasing hydrostatic pressure hydrates molecules and can essentially test the effect of increasing water concentration upon binding.  Hydrostatic pressure can also affect the volume of the active site as well.  
An activation volume, defined as the change in molar volume associated with the ternary E-NADPH-DHF complex going to the transition state, can be determined from a plot of the natural log of kcat vs pressure.  The slope of this line is equal to - (V/RpT. A small slope giving an activation volume of 0.47 ± 0.9 cm3/mol is observed until 200 Mpa. A second slope describing the effect of pressure from 200 Mpa to 500 Mpa on the activation volume was equal to 8.06 ± 0.76 cm3/mol.  Positive activation volumes indicate that the rate-limiting step described accompanies a protein volume increase. 
With R67 DHFR, water may also be playing another role in the mechanism.  It is known that the re-hydride from NADPH attacks the carbon at the 6th position (C6) of the pteridine ring of DHF; the nitrogen of the 5th position (N5) is thought to be protonated by a water molecule in the active site.  To investigate this model solvent isotope effects can be performed in D2O rather than H2O. Working in D2O is different in that we have to be careful of the shift in the pKa of the titratable group. Changing the solvent from H2O to D2O can have effects on the behavior of the kinetic constants due to pH as pKa values in D2O are typically shifted by 0.4 units. However, this shift is typically compensated for by the fact that pD typically equals the pH meter reading plus 0.4 units. To ensure that our rates in D2O vs H2O are comparable due to isotope effect and not pKa a shift, we determined the shift in D2O of the N5 atom in DHF.  We accomplished this using a titration in DHF as a function of absorbance.  A pKa of 2.63 ± 0.03 was measured in H2O and with the pH meter readings corrected to pD a pKa of 3.06 ± 0.02 was compared, giving us a 0.43 unit shift.  The solvent isotope effect was by measured by monitoring the R67 DHFR rate in D2O.  The transfer of a deuterium ion in the place of a proton can slow the reaction.  Steady state kinetics in D2O and H2O at the corrected pH meter reading of 0.03, were done to determine the effects on kcat and Km.  They were as follows for H2O and D2O respectively, kcat values of 49.1 ± 1.4 min-1 and 33 ± 0.7 min-1, NADPH Km values of 5.92 ±  0.4 µM and 6.26 ±  0.3 µM, and DHF Km values of 9.65 ±  0.4 µM and 9.38 ± 0.3 µM.     
As water reorganization may be playing a role in binding of both substrate and cofactor, studies using isothermal titration calorimetry in both H2O and D2O were utilized to determine the enthalpy of solvent reorganization.  The observed enthalpy of the interaction between protein and substrate can be broken up into ΔHi (enthalpy of the interaction) and ΔHs (enthalpy of solvent reorganization).  Since the enthalpy of a hydrogen bond in D2O is approximately 10% greater than in H2O, the ∆Hs can be estimated.
