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The glucose-galactose binding protein (GGBP) is one of several enzymes being utilized
to develop a fluorescence-based glucose sensor for monitoring glucose levels in vivo.1 This
research focuses on using molecular dynamics to measure the binding free energy of glucose to a
wild type GGBP. The process is represented by the thermodynamic cycle below (Figure 1)
where the free energy of binding can be evaluated by simulating glucose annihilation from the
binding pocket with the addition of harmonic restraints to prevent the ghost ligand molecule
from drifting. Each indicated transition in the figure was simulated using Gromacs 5.1.2 and
thermodynamic integration simulation method. The free energy of binding was estimated to be
7.9 ± 0.4 kcal/mol which is close to experimental results of 9.1 kcal/mol.2 The methods used to
measure these values can be applied to similar systems such as mutated versions of GGBP for
future studies.

Figure 1. Depiction of the thermodynamic cycle used to evaluate the free energy of binding of glucose to GGBP, ∆GBind. ∆Grest_on
and ∆Grest_off are the free energies associated with the application and removal of harmonic restraints that are used to restrain
the glucose during the process to prevent drifting during the simulations; the restraints are modeled as a grey ring around
glucose in the figure. ∆Gglucose_decouple is the result of removing glucose from the binding site of GGBP by disabling intermolecular
forces between the two molecules. ∆Gglucose_solv is the free energy of glucose solvation. The last transition is the transportation of
glucose to the same box with GGBP which has no associated free energy change.
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